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Summary
We present a comparative analysis of satellite derived climatologies in the Cape Verde region (CV). In order to establish phytoplankton variability, in relation to other oceanographic phenomena, a set of, relatively long (from five to eight years), time series of 
chlorophyll, sea surface temperature, wind and geostrophic currents, were ensembled for the Eastern Central Atlantic (ECA). We studied seasonal and interannual variability of phytoplankton content, in relation to the rest of the variables, with a special focus in Cape-
verdian waters. We compared the situation within the archipelago with those of the surrounding marine environments, such as:  North West African Upwelling (NWAU), North Atlantic Subtropical Gyre (NASG), North Equatorial Counter Current (NECC) and Guinea 
Dome (GD). At the seasonal scale CV region behaves partly as the surrounding areas, nevertheless, some autochthonous features were also found. In fact the good anticorrelation between chlorophyll and temperature (lower temperatures associated to higher 
chlorophyll contents) which is found all over the ECA, is found in winter season only in the western part (cv4) of the archipelago, while towards the eastern part a shift to positive correlations is encountered, this mean that high levels of chlorophyll are accompanied by 
high temperatures. This is a unique feature given that none of the surrounding environments showed a similar behaviour. This enrichment was found to be preceded by a drastic drop in wind intensity (SW Monsoon) during summer months. This behavior is shared by the 
NECC and to some extent by the GD areas. Satellite animations suggest that this chlorophyll maximum is transported from the east and south east. Interannual variations of phytoplankton in CV area are sharply marked by an absolute maximum in 1999, all around the 
archipelago. In the northern, central and western part year 2000 presented chlorophyll concentrations right above normal, related to an absolute minimum in sea surface temperatures during 1999 and a relative minimum in 2000. Within the CV this variability is more 
pronunciated in the north and western parts, while to the south and east it is not so clear, although 1999 was the absolute maximum by large. In the equatorial areas nearby CV, this behavior is not encountered at all. In fact in GD waters the absolute maximum occurs 
during 2002, in coincidence with relatively high winds and relatively low temperatures. In NECC waters, interannual variations are quite small in either of the studied parameters.
Data
In order to attain the goals we used chlorophyll, sea surface 
temperature (SST), wind and altimeter (Topex-Poseidon and 
ERS) data from satellite remote sensors. Every data were 
integrated by means of software called SIMOM (Monitorizing
System for the Macaronesian Ocean observation; Pérez-
Marrero et al., 2005). The survay area selected is across a 
squared window 0-60ºN and 0-60ºW and time-series from 
1997 to 2006 with some differences regards the operation 
beginning or availability. Speciffically, a time of 8 days and 9 
km space resolutions were used for chlorophyll from SeaWiFS
whereas SST pictures came from PATHFINDER program 
(Vázquez et al. ,1998) where diary sea surface temperature 
were collected from the AVHRR sensor and 7 days averaged 
pictures from 1998 to 2004 were used in this study. Regards 
winds, 6 days resolution pictures from 8 years time-series 
(1999 to 2006) collected by QuickSCAT sensor were used, 
while the altimeter data come from the Topex- Poseidon  
(Nasa/Cnes) and the ERS (1 y 2) with a 7 days resolution.
Analysis Method
In order to cover the different local oceanic conditions that 
converge around Cape Verde archipelago, we selected four 
observation sites distributed following the geographical 
coordenates out of the islands and a fifth site located into the 
islands (see map). Thereby, we could expect that north and 
west sites would be influenced by inter-gyre conditions, east 
site presented a influence from upwelling region and the south 
location were predisposed by the seasonal NECC.  In addition, 
we selected four new observation sites which perform the 
extreme conditions for the oceanic environments in the 
regions (map). Thus, the first was located in Cape Blanc 
(cblanco; upwelling conditions), the second was positioned 
into the oligotrophic gyre (cgiro) and the third and fourth into 
the NEC and Guinea Dome, respectively (ccorriente and 
cguinea). These sites were used to compare the variability 
found between the references sites and the observation sites 
selected in the Cape Verde Islands.
Background
Cape Verde is one of the four Macaronesian archipelagos and is located in the eastern side of the North Atlantic 
subtropical gyre (NASTG), 400 miles from the western African Coast between the longitudes 14º 50’- 17º 20’ W and the 
latitudes 22º 40’- 25º30’N [Bravo de Laguna, 1985]. The Cape Verde region presents diversity hydrography conditions 
as consequence of the some oceanic currents confluence and the proximity of the coastal upwelling, although the 
islands are mostly located into the inter-gyre region. Canary Current (CC) and North Equatorial Current (NEC) are 
the main surface currents influencing the archipelago; however the southern side of the Islands is seasonally influenced 
by the North Ecuatorial Counter Current due to the movement of the Inter-tropical convergence zone (ITCZ) that 
produces changes in the wind regime in the survey area [Fernandes et al. 2004; Menezes, 2003]. A significant zone 
front take place near the archipelago (20º N according to Arhan et al., 1994), mixing both South and North Atlantic 
Central Waters (SACW and NACW respectively) and has been widely studied [Zenk et al., 1991; Pérez-Rodriguez et al., 
2001; Vangriesheim et al., 2003]. This study is focused on the chlorophyll variability along the Cape Verde Region. 
Nutrient limitation is the factor noted to explain the short spreading of the high chlorophyll signal northward of the 
eastern recirculation region (10º N-19º N), whereas lower values in the south are due to the weakining of the wind 
stress and the influence of seasonal warm water from the NECC [Lathuilière et al. 2008]. High chlorophyl values are 
also observed near Guinea Dome, some studies noticed that these increases are due to nutrient uplift caused by 
mesoscale structures (Kawase and Sarmiento, 1985, Pelegrí et al., 2006, Yentsch, 1974). The goals of this study are the 
estimation of the seasonal and inter-annual variability of the chlorophyll at the different local conditions depicted in the 
survey region, and searching the variation patterns as consequence of the hydrographic changes.
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Interannual variability
Interannual variations of phytoplankton in CV area are sharply 
marked by an absolute maximum in 1999, all around the archipelago. 
In the northern, central and western part year 2000 presented 
chlorophyll concentrations right above normal. This behavior, which 
can be related to an absolute minimum in sea surface temperatures 
during 1999 and a relative minimum in 2000, is also observed in the 
Canary Islands area, and also to a lesser extent, in NASG waters in 
general. Within the CV this variability is more pronunciated in the 
north and western parts, while to the south and east it is not so clear, 
although 1999 was the absolute maximum by large. In the equatorial 
areas nearby CV, this behavior is not encountered at all. In fact in 
GD waters the absolute maximum occurs during 2002, in coincidence 
with relatively high winds and relatively low temperatures. In NECC 
waters, interannual variations are quite small in either of the studied 
parameters.
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Seasonal variability
Unlike the reference sites, where absolute maxima and minima are found, that is, cblanco 3.3 mg m-3 and cgiro 0.04 mg m-3, respectively. Seasonal chlorophyll distribution is quite similar in the five points around the islands. These show a large increase during 
October and November, and a less pronounced one during February in cv2, cv3 and cv4.   Higher concentration values are found during the warming period at the end of the year, in the points located at the south east side of the islands (cv2 1.043 mg m-3, cv3 0.96 
mg m-3). Lower values by its side are associated to weaken of wind velocities during the summer time, this is a general behaviour, except in cv5 where a local wind regime is influenced by the islands themselves. This general pattern, wind decreases while water 
temperature increases, is consistent with Monsoon seasonality, and general wind circulation in the area, making the Inter Tropical Convergence Zone to oscillate  from its southernmost point in winter to its northernmost during the summer (Gabric et al., 1993; 
Helmke et al., 2005; Pelegrí et al., 2006; Lathuilière et al., 2008). High correlation coefficients between temperature and chlorophyll concentration are found, these are specially high when the latter is lagged one or to months from the first, suggesting that seasonal 
warming is affecting this pigment increase. So we believe, that the phytoplankton enrichment which occurs at the end of the year, is due to the arrival of waters from upwelling systems that are present in the area, like the cyclonic gyre of the Guinea Dome, as can be 
seen in animations of satellite images. Also phytoplanktonic material arrives accompanying warm, rain influenced, waters from the south during summer monsoon and northern displacement of  ITCZ. (Pelegrí et al., 2006; Lathuilière et al., 2008). This latter, 
generates the northwards flowing Mauritanian Current, transporting warm, nutrient enriched waters from the equatorial zone. This latter is a northern branch of the NECC (Fernandes et al. 2004). Pelegrí et al., (2006), refering to Yentsch (1974) remarks the 
importance of geostrophic circulation to alter the vertical distribution of isopycneals and hence nutrients, through a dominant mechanism that reinstitutes nutrients in the euphotic zone.
Monthly mean 
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Mauritanian Current, 
can be observed as a 
relatively intense 
northward flux near 
Cape Verde (Dakar), 
restricted only to 
October and November.
